AIthough pressure controlled-inverse ratio ventilation (PC-IRV) has been used successfully in the treatment of respiratory failure, it has not been applied to the treatment of respiratory dysfunction during anaesthesia. With PC-1RV the inspiratory wave form is fundamentally altered so that inspiratory time is prolonged (inverse I:E), inspiratory
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Pressure controlled-inverse ratio ventilation (PC-IRV) has been used in the treatment of severe respiratory failure.l'2 It permits delivery of a pre-determined tidal volume (VT) with a limited peak inspiratory pressure (PIP), high mean airway pressure (AWP), and variable positive endexpiratory pressure (PEEP). Boros 3 has shown that the beneficial effect of positive pressure ventilation in neonatal repiratory failure is directly related to the level of mean AWP, and this may explain the efficacy of PC-IRV in severe respiratory failure. Some manifestations of pulmonary dysfunction during anaesthesia, such as atelectasis 4 and shunting of pulmonary venous blood, s are similar to those of respiratory failure. We therefore undertook a clinical trial, in patients known to be at high risk for pulmonary dysfunctiom, to assess the effect of PC-IRV on gas exchange during anaesthesia and surgery.
Methods
The protocol for this study was approved by Departmental and Institutional Ethics Review Committees,
The methods were similar to those reported previously. 6 Subjects for this study were ten adult ASA physical status I or II females having elective intra-abdominal gynaecological surgery through lower abdominal incisions. Various degrees of intra abdominal packing, retraction, and supine Trendelenburg (head down) positioning were common to all.
Routine preanaesthetic workup included history, physical examination and chest radiograph. None was grossly obese, a cigarette smoker, or had symptomatic pulmonary disease.
A 20-gauge teflon cannula was inserted, with the patient's consent and the aid of local anaesthesia, in a radial artery. After premedication with lorazepam or midazolam, all had total intravenous general anaesthesia with tracheal intubation as previously described. 6 While lying supine before induction of anaesthesia they breathed air/O 2 (FIO 2 = 0.5) for five minutes from the ventilator circuit via a tight fitting mask (AC condition). After tracheal intubation and four or five manual inflations they were connected to the Siemens 900C servo ventilator in the PC-IRV mode with a rate of 10 min -l, an I:E ratio of 2:1 and 5 cm H20 of PEEP. The fresh gas mixture was air/O 2 and the inspiratory 0 2 concentration (FIO2) of 0.5 was monitored continuously by the Siemens oxygen analyzer. Tidal volume (VT) was set by adjusting peak inspiratory pressure (PIP) so that end-tidal CO 2 (FETCO2) was between 4.5 and 5.0% (VT of 7-8 ml. kg-I). During the study only the VT was adjusted to maintain near constant FETCO 2.
After five minutes of AC breathing, at 30 and 60 rain of anaesthesia, and during abdominal closure, an anaerobic arterial blood sample was drawn from the radial artery cannula, placed on ice, and analyzed within three minutes in a Nova Stat Profile Blood Gas Analyzer at 37 ~ C. The analyser was calibrated as previously described. Heart rate (HR) and blood pressure (BP) were measured by a Dinamap Automatic B P Monitor at three-minute intervals.
The calculation of alveolar oxygen tension was based on the formula adopted by Pappenheimer et al. : 7
Since Singapore is at sea level the barometric pressure lab was assumed to be 760 mmHg and alveolar water vapour partial pressure (PAH20) to be 47 mmHg. Day to day variation in barometric pressure in Singapore is less than one percent.* If Beeanse the data did not meet the requirements of normal distribution and equal variances non-parametric analysis was used. Two sample comparisons were by the Wilcoxon signed rank test for paired data and the MannWhitney u test for unpaired data.
Results
The demographic data are shown in Table I , PC-IRV column. These patients were similar to those of a previous study 6 ( Table I) .
During PC-IRV average VT was 8 ml. kg -], PIP was 14-15 cm I-I20 and mean AWP was 12-13 cm H20. There were no differences among the four study conditions in pH, PAO 2, Bp, or temperature, and PaCO 2 remained constant during controlled ventilation (Table II) .
There were increases in (A-a) DO 2 at 30 and 60 rain compared with AC (41% and 43 % respectively, P < 0.05). During abdominal closure, that is after removal of packs and retractors and return to the supine position, (A-a) DO 2 was not different from AC.
These results were compared with those of a previously reported study,* in which the lungs of similar patients had been ventilated with conventional tidal volumes (CVT, 7.5 ml. kg -I) or high tidal volumes (HVT, 12.7 ml. kg -l) ( Table I ). The increase in (A-a)DO 2 with PC-IRV was less than that during CVT ventilation and similar to that found with HVT. *Personal communication, The Meteorological Service of Singapore. tValue obtained from previous metabolic studies during anaesthesia in this Department. AC -awake control; CL -abdominal closure; PIP -peak inspiratory pressure; mean AWP -Mean airway pressure; PEEP -positive end expiratory pressure. * P < 0.05 compared with AC by the Wileoxon signed rank test for paired data.
Discussion
In this sample of patients there was considerable worsening of gas exchange during lower abdominal surgery, when the effects of packs, retractors and positioning were maximal. During abdominal closure, when these factors were removed, oxygenation was not different from control, suggesting that the gas exchange dysfunction was largely due to surgical and positional factors. We believe that these factors impede diaphragmatic excursion, and that this is a model of compression atelectasis with pulmonary venous shunting.
This is a descriptive study with historical controls. In comparison with the previous study, PC-IRV provided protection against hypoxaemia about equal to that of HVT ventilation.
We have also investigated time cycled-inverse ratio ventilation (TC-IRV), without PEEP, in a group of orthopaedic patients and found no difference between it and conventional ventilation, s However, the orthopaedic patients were not subjected to compressive and positional forces, as were the gynaecological subjects, and therefore were not at the same risk for compression atelectasis. In addition, although both modes of ventilation increased mean AWP, there was a fundamental difference between them. With PC-IRV the increased airway pressure was sustained throughout the respiratory cycle, with TC-IRV it was not. We suggest that continuous positive airway pressure is more effective to increase resting lung volume (FRC) and improve "~/MQ matching in patients with pulmonary dysfunction during anaesthesia.
Gas exchange impairment occurs during general anaesthesia in obese patients, cigarette smokers, and those with pre-existing lung disease, but only minimally in 9 healthy young non-smokers. The FRC and total pulmonary compliance are reduced with onset of general anaesthesia. When FRC is reduced to below awake closing capacity (CC), Dueck et al. found physiological shunting in dependent areas of the lung. ~~ Hedenstierna et al. have also found venous shunting in anaesthetized patients, and have demonstxated dependent atelectasis, in both the supine and lateral positions, by CT scanning, n-13 Although we have not examined the pathophysiology of impaired gas exchange in our patients, the evidence cited above supports our contention that it can be reasonably ascribed to increased intra-abdominal pressure, cephalad shift of the diaphragm, compression atelectasis, and venous shunting. We propose that PC-IRV increases resting lung volume, that is FRC, and prevents compression atelectasis under these circumstances.
Continuous positive pressure ventilation (CPPV) and conventional ratio ventilation with PEEP have also been shown to improve oxygenation in some, but not all, studies.14-J 6 Thus, PC-IRV can be viewed as another form of CPPV, but with higher mean AWP and a prolonged inspiratory waveform.
The present studies show that, in patients at risk for compression atelectasis and pulmonary venous shunting, impairment of O 2 exchange can be reduced by PC-IRV, which combines high mean AWP with PEEP. However, PC-IRV at the pressures and ratios that we have used does not appear to be superior to ventilation with large tidal volumes of 12-13 ml. kg -1.
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